Background: The prediction of preterm birth (PTB) is important in the management of symptomatic preterm labour women. We evaluated the effectiveness of the foetal fibronectin (fFN) test for predicting PTB in symptomatic preterm labour women with consideration of physiologic changes in cervical length (CL) during pregnancy. Methods: This prospective study included 85 women with symptomatic preterm labour of a singleton pregnancy. Positive fFN was defined as a fFN level of > 50 ng/mL in cervicovaginal secretion, while a short CL was defined as that below 25th percentile at the corresponding gestational age. We evaluated effectiveness of the fFN test, CL, and the combination of these two tests, including sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), positive likelihood ratio (LR + ), negative likelihood ratio (LR − ) to predict the PTB within 7 and 14 days of testing and PTB at < 34 and 37 weeks of gestation. We also present the odds ratios (ORs) of the test results, defining the women with both negative results as the reference group. Results: Of the 85 women, 31 (36.5%) showed a positive fFN and 44 (51.8%) had a short CL. PTB occurred within 7 and 14 days of testing and before 34 and 37 weeks of gestation in 17.6, 20.0, 23.5 and 49.4% of the women, respectively. The fFN and CL results showed low predictive effectiveness for the studied outcomes with LR + (fFN, 1.5-1.9; CL, 1.0-1.5) and LR − (fFN, 0.7; CL, 0.7-0.9). The combined use of fFN and CL could not improve these results (LR + , 1.4-2.3; LR − , 0.7-0.9). However, the risk of PTB before 37 weeks was increased in women with positive fFN but not CL shortening compared to the reference group (odds ratio [OR], 3.8; 95% confidence interval [CI], 1.1-1.3). The risk of PTB before 34 weeks was increased in both positive fFN and CL compared to the reference group (OR, 8.1; 95% CI, 1.9-34.5). Conclusion: Although, our approach could not improve the ability to predict PTB, it could identify women at risk for delivery before 34 or 37 weeks of gestation. Therefore, it could be used to manage women with symptomatic preterm labour.
Background
Preterm birth, defined as birth before 37 week of gestation, has a variable incidence of 5-18% and is the major cause of neonatal mortality and morbidity [1, 2] . Preterm infants are vulnerable to neonatal complications including respiratory distress syndrome (RDS), intraventricular haemorrhage (IVH), necrotising enterocolitis (NEC), and retinopathy of prematurity (ROP) [2] . Furthermore, preterm birth is associated with an increased risk of longterm neurodevelopmental impairment and cerebral palsy among survivors [3] .
Antenatal corticosteroid (ACS) administration reduces the morbidity and mortality of preterm infants and has been recommended for women at risk of delivery before 34 weeks of gestation. It is known to reduce the infant mortality by 31%, and morbidities by 50% [4] , and its administration has been extended to the late preterm period beyond 34 complete weeks of gestation [5] .
Although ACS may be effective even if administered only hours before delivery [6] , previous reports seem to agree that neonatal benefits are maximised when ACS is administered 24 h to 7 days before delivery [4, 7, 8] . Conversely, ACS administration is known to be associated with adverse neonatal outcomes. In a recent study, a single course of ACS therapy reduced neonatal measurements such as birth weight (− 18%), head circumference (− 9%), body length (− 6%), and placental width (− 6%) compared to those of unexposed infants [9] . Moreover, ACS administration is associated with alterations of the hypothalamuspituitary-adrenal axis response that persists after birth and could be a possible cause of insulin resistance in adulthood [10] . Therefore, ACS should be administered only to women with a high risk of preterm birth. However, accurately predicting preterm delivery remains difficult.
Healthcare providers have applied several diagnostic tests such as cervical length (CL) and detection of foetal fibronectin (fFN) or phosphorylated insulin-like growth factor-binding protein 1 (phIGFBP-1) in the cervicovaginal fluid for predicting preterm delivery among women in symptomatic preterm labour. Among these tests, CL measurement has been widely used. Although a long CL typically correlates with a lower risk of preterm birth, a short CL does not predict the risk of preterm birth, especially in a low risk group [11] .
Fibronectins, a family of ubiquitous proteins found in the plasma and extracellular matrix, are involved in the implantation and maintenance of placental adherence to the maternal decidua [12] . In 1991, Lockwood et al. showed that mechanical or inflammatory-mediated damage to the membranes releases fibronectin into the cervicovaginal fluid [13] ; since then, fFN in the cervicovaginal fluid has been used to evaluate the risk of PTB. Many studies have examined the effectiveness of fFN with CL measurement in the prediction of preterm birth, showing varied results [14] [15] [16] . However, most studies on the value of CL for predicting PTB did not consider the physiological cervical changes that occur during pregnancy [17] and used a fixed threshold such as 10 mm or 25 mm to define a short CL [14-16, 18, 19] .
The objective of this study was to evaluate the effectiveness of fFN in the prediction of preterm birth among women in symptomatic preterm labour while considering the physiologic changes in CL that occur during pregnancy.
Methods
This prospective observational study was performed at Kyungpook National University Hospital from January 2014 to April 2016. We included women with a singleton pregnancy between 22 0/7 and 33 6/7 weeks of gestation with symptoms of preterm labour and intact membranes. Preterm labour was defined as regular uterine contractions occurring at least three times every 10 min irrespective of cervical changes. The exclusion criteria were as follows: confirmed vaginal spotting, history of coitus within 48 h, and suspicion of rupture of membranes, and women under 18 years old. We also excluded intentional preterm delivery of maternal or foetal causes, including preeclampsia, foetal growth restriction, or foetal anomaly.
Each woman who visited our institution with symptomatic preterm labour was first examined using a vaginal speculum to check for vaginal spotting or cervical dilatation. And we obtained three cerviovaginal swab specimens for testing of premature preterm rupture of the membranes (Actim Prom; Medix Biochemica, Finland), bacterial analysis and fFN [20] . When the fFN concentration was > 50 ng/mL, the analyser showed a positive result (fFN enzyme immunoassay and Rapid fFN for the TLi IQ System Hologic) [16] . After taking a cervicovaginal fluid sample, we measured the CL by using transvaginal ultrasonography according to the standard protocol (empty bladder, minimal pressure, and measurement of the shortest length between the internal and external os three times, choosing the shortest of the CL results) [21] . We defined CL, which was measured below the 25th percentile at the corresponding gestational age, as a short CL by using descriptive statistics of CL measurement across gestations [22] . All participating women provided informed consent before participation. This study was approved by the institutional review board (IRB) of Kyungpook National University Hospital, Daegu, Korea (IRB file no. 2018-01-004).
The study outcomes were spontaneous delivery within 7 and 14 days of testing and spontaneous preterm birth before 34 and 37 weeks of gestation. We evaluated the effectiveness ( ]) of the fFN test, CL, and the combination of the two tests for predicting study outcomes. An LR + result > 10 or LR − result < 0.1 are rated to offer strong prediction. Moderate predictive value can be achieved with LRs of 5-10 and 0.1-0.2, whereas those < 5 and > 0.2 are considered minimally predictive [23] . Moreover, we classified the patients into four groups according to their fFN results and CLs: group 1, negative fFN finding and CL above the 25th percentile in the respective gestational age; group 2, positive fFN finding and CL above the 25th percentile in the respective gestational age; group 3, negative fFN finding and CL below the 25th percentile in the respective gestational age; and group 4, positive fFN finding and CL below the 25th percentile in the respective gestational age. Thereafter, the rates of delivery within 7 and 14 days and before 34 and 37 weeks were compared using odds ratios (ORs) obtained from a binary logistic regression analysis with group 1 as the reference group. Statistical analyses were performed using IBM SPSS ver. 19.0 (IBM, Corp, Armonk, NY, USA) and MedCalc version 11.4.1 (MedCalc Software, Mariakerke, Belgium). P values < 0.05 were considered statistically significant.
Results
A total of 151 patients underwent the fFN test due to symptoms of preterm labour in our institution during the study period. Among them, 48 could not be followed up, six had preeclampsia, and 12 had vaginal bleeding. Therefore, 85 patients were included in the study. The general characteristics, pregnancy outcomes, the positive result rate of fFN test and CL are presented in Table 1 . At the time of inclusion, the mean gestational age was 29.4 ± 3.6 weeks. Furthermore, 51.8% (44/85) of the study patients showed a CL below the 25th percentile, and 36.5% (31/85) showed a positive finding for fFN. Of the patient cohort, 68.2% (58/85) were administered tocolytics and 65.9% (56/85) were administered ACS during the study period. The mean gestational age at delivery was 35.7 ± 3.7 weeks. 17.6% (15/85) of the patients delivered within 7 days and 20.0% (17/85) of the patients delivered within 14 days. 23.5% (20/85) delivered before 34 weeks of gestation and 49.4% (42/85) of the study patients delivered before 37 weeks of gestation, respectively ( Table 1 ). The detailed clinical information of the 15 cases of delivery within 7 days is presented in Table 2 for exclusion of the possibility of iatrogenic preterm birth. The fFN testing, CL, and combined fFN and CL for predicting study outcomes are presented in Table 3 . The combined fFN and CL decreased the sensitivity for predicting study outcomes, while it increased the specificity compared to respective fFN or CL. However, none of these tests showed more than moderate predictive accuracy (LR + , 5-10; LR − , 0.1-0.2). Table 4 shows the results of the binary logistic test. Group 4 had an increased risk of delivery before 34 weeks (OR, 8.1; 95% CI, 1.9-34.5) compared with group 1. Notably, group 2 had an increased risk of delivery before 37 weeks of gestation (OR, 3.8; 95% CI, 1.1-13.1) compared with group 1.
Discussion
We observed the effectiveness of fFN testing, CL, and the combination of the two tests with consideration of physiologic cervical changes in the prediction of PTB in symptomatic preterm labour women. None of these tests showed more than moderate accuracy at predicting any of the studied outcomes. However, the combination test could help with the prediction of PTB before 34 weeks of gestation. Interestingly, we found that a positive fFN result without shortening of CL indicated an increased risk of PTB before 37 weeks of gestation.
Since the presence of fFN in the cervicovaginal fluid has been considered a predictor of preterm birth, several studies have evaluated its usefulness. Revah et al. reported that fFN level showed good sensitivity for delivery within 7-10 days of sampling (98% [95% CI, 95-100%]) and delivery before 34 weeks (87% [95% CI, 81-94%]) but showed poor sensitivity for delivery before 37 weeks (54% [95% CI, 51-58%]) in women with symptoms of preterm labour [24] . Furthermore, they reported that fFN testing showed an excellent NPV for the prediction of preterm delivery before 34 and 37 weeks (96% [95% CI, 93-98%] and 85% [95% CI, 84-87%], respectively). Conversely, Greenhagen et al. suggested that a negative fFN finding would correlate with the absence of preterm delivery in low-risk pregnancies; however, it has limited clinical value for predicting preterm birth [25] . Moreover, Berghella et al. reported that fFN testing in singleton gestations with threatened preterm labour is not associated with the prevention of preterm birth or improvement of perinatal outcomes but with higher costs [26] . Compared to previous studies [24, 26] , here we demonstrated lower sensitivities, specificities of fFN, and especially NPVs. We assumed that it would be associated with the high rate of follow-up loss (31%, 48/151). Furthermore, 97.9% (47/48) of lost cases showed negative fFN results. Regarding the rate of negative fFN results, we expected that they would deliver at full term at district hospitals. The inclusion of these women could improve our NPV from 87 to 93%. We thought that the high rate of follow-up loss is a feature of the tertiary center like our institution. Therefore, when we use our results in counselling, this high rate of follow up loss should be considered. Meanwhile, several studies have examined the effectiveness of the combination of fFN and CL in the prediction of preterm birth [14, 16, 18] . Schmitz et al. reported that fFN detection in symptomatic women with a short CL yielded excellent NPVs (94 and 99%) for delivery, both before 35 weeks and within 7 days, respectively [14] . Bolt et al. showed that a positive fFN and a short CL (< 25 mm) were associated with a 53% risk of PTB before 37 weeks of gestation compared to a 10% risk in those with both negative results, and they suggested fFN as the first diagnostic tool [16] . Our study group showed higher rate of PTB before 37 weeks of gestation (Group 1 38.2% (13/34) vs. Group 4 69.6% (16/23). It could be related that our study group included women at risk of PTB compared than Bolt's study. Hincz et al. also suggested that a two-step testing process consisting of fFN as the first step followed by the measurement of CL could be used to predict preterm delivery in women with symptoms of preterm labour [18] . We performed both fFN testing and CL measurements in all our study participants, not a twostep test per se. Our results showed that the combination of fFN and CL measurement could not improve the LR to moderate accuracy (LR + , > 5; LR − , < 0.2). However, our logistic results showed that the positive findings for both fFN and CL increased the risk of delivery before 34 weeks of gestation. This result could help clinician identify pregnancies that require symptomatic preterm labour management, including ACS administration or the referral to a tertiary centre for preterm birth. This approach is widely used in the management of symptomatic preterm labour women in Korea. Especially when fFN test results are positive, physicians tend to administer ACS or order in utero transfer to tertiary centers. Conversely, when fFN is negative, we can reassure the patient that preterm delivery is not imminent.
Meanwhile, there are emerging evidences that the risk of PTB increases with an increasing fFN concentration [27, 28] . These studies showed various thresholds rather than fixed threshold in qualitative test improve accuracy in prediction of PTB. However, we tried to evaluate the effectiveness of the qualitative fFN with a fixed threshold of 50 ng/ml in which we are actually using in our institution. Therefore we used a fixed qualitative threshold of 50 ng/mL.
It is interesting that group 2 showed an increased risk of delivery before 37 weeks of gestation. Because of high NPV of CL, a long CL defined as at least 25-30 mm is used for reassuring women with preterm labour [11] . However, 50% (4/8) of group 2 in our study delivered before 37 weeks of gestation despite no shortening of CL. Therefore, positive fFN should be a concern even when CL is not short. Recent study also recommends additional fFN testing when CL is between 15 and 30 mm for reducing adverse neonatal outcomes in women with symptoms of preterm labour [19] . We assumed that a positive fFN result indicates damage to the normal foetal membranes, which would be related to eventual preterm birth, even if not immediately. Conversely, group 3 did not show an increased risk of any studied outcomes. This finding was consistent with the known high NPV and low PPV of a short CL in previous studies [29, 30] .
Our study has several limitations. Its number of participants was small (n = 85) due to the short study period. Furthermore, we could not consider the risk factors of preterm labour in this study. However, the objective of this study was to evaluate the efficacy of qualitative fFN that we currently use at our institution with consideration of CL; therefore, an analysis of the risk factors of preterm birth or quantitative fFN was beyond the study's scope. Nevertheless, the strength of the study is its prospective observation of patients with preterm labour symptoms who were at a high risk of preterm birth. Our study group showed a similar or higher rate of preterm delivery despite its small sample size [16, 27] . This finding implies that our study result could be applicable to women at increased risk of PTB. Furthermore, we considered the physiological cervical changes that occur in the third trimester [11, 17] , unlike other studies of CL for predicting PTB [14-16, 18, 19] . We also presented ORs for respective study outcomes, defining the women with both negative results as the reference group, making our results easily applicable for counselling symptomatic preterm labour women. And finally, this is the first study in South Korea to evaluate the preterm birth rate using the combination of fFN and CL.
Conclusions
In conclusion, we found that the combination of fFN and CL with consideration of the physiologic changes in CL could not improve PTB prediction accuracy. However, it could help clinicians identify the women at risk of delivery before 34 weeks or 37 weeks. Therefore, it could be used in the management of women with symptomatic preterm labour. 
